Prominent 5-minute oscillations have been detected in the intensity of the fundamental vibrationrotation lines of CO at 4.67 /¿. These lines are formed near the temperature minimum in the high photosphere, where the thermal response to density fluctuations is nearly adiabatic. The intensity amplitude corresponds to a temperature oscillation with peak-to-peak amplitude of 225° K.
The 5-minute oscillation of the solar photospheric velocity field has been widely studied (e.g., Noyes 1967; Schatzman and Souffrin 1967; Howard, Tanenbaum, and Wilcox 1968; Tanenbaum et al. 1969; Deubner 1972) . It is generally interpreted as an acoustic gravity wave generated by motions in the convective zone, although detailed understanding of the production and propagation of the wave is still lacking. Associated with the velocity oscillation is an oscillation of the residual intensity of the cores of strong lines (Noyes and Leighton 1963; Tanenbaum et al. 1969) , which generally leads the velocity oscillation by about 90° and is presumably due to the quasi-adiabatic response of the high photosphere to pressure fluctuations associated with the velocity field. The intensity oscillation is weak or absent in lines formed deeper than T5000 ^ 10 -2 (Edmonds, Michard, and Servajean 1965; , where the short radiative relaxation time causes the wave compressions to be more nearly isothermal than adiabatic (Noyes and Leighton 1963) . In the high photosphere ("T5000 < 10" 4 ), the radiative relaxation time r r becomes larger than the wave compression time t c = 1/co, and the wave behaves almost adiabatically. In addition, the amplitude of the velocity oscillation increases with height, thus further increasing the expected amplitude of thermal oscillations in the high photosphere.
In this Letter we report the detection of very prominent intensity oscillations in the core of the 3-2 AE(14) line of CO at 2142.7 cm -1 (X = 4.667 ¿1). This line, in the fundamental vibration-rotation band of CO, is formed just at the temperature minimum in the high photosphere (Noyes and Hall 1972) . Using the HSRA model (Gingerich et al. 1971) , we calculate that optical depth unity at the center of this line occurs at T5000 = 2 X 10~4, where the temperature is near its minimum value of 4200° K and the continuous opacity coefficient k = 6.5 X 10" 3 cm 2 g -1 . From the thin-atmosphere relation for the radiative relaxation time (Spiegel 1957; Noyes and Leighton 1963) This is long compared with the compression time for a 300-s oscillation r c = 1/co = 48 s, and therefore we expect 300-s oscillations at the height of formation of the CO fundamental lines to be nearly adiabatic.
The observations were made on 1972 March 16 with the infrared spectrograph of the McMath Solar Telescope at Kitt Peak National Observatory. The 82-cm solar image was centered on the spectrograph entrance slit, whose dimensions of 0.5 X 3.0 mm corresponded to dimensions of 1''2 X 7?0 on the image; the long axis lay approximately in the east-west direction. The region of observation was ascertained to be free of plages and to give rise to CO line profiles typical of the quiet Sun. The cooled exit slit of the spectrograph, with spectral bandpass of 0.025 cm -1 , was centered on the CO 3-2 i?(14) line. Under conditions of higher spectral resolution, we measured the half-width of this line to be 0.05 cm" 1 , so that the present observations reflect the intensity close to the core of the line. The signal was chopped at 800 Hz, detected by an InSb detector, and sampled and stored in a computer. Three sequences of data were obtained: one with a 2-Hz sample rate and 1024-s duration, and two with a 1-Hz sample rate and 2048-s duration. All three sequences clearly show a prominent intensity oscillation with a period near 5 minutes. Figure 1 shows the best example of the three.
Calculation of power spectra shows the period to be in the range 250-300 s, with variations of a few tens of seconds among the three records. We have no doubt, however, that we are seeing a manifestation of the <í 5-minute ,, velocity oscillation, for which individual observations over short intervals also show a variation in the frequency of peak power (Howard 1967; Deubner 1972) . A much longer series of observations (currently under way) is necessary to determine a well-defined "average" period.
The amplitude of the oscillation shown in figure 1 is about 7 percent peak to peak. This corresponds to a peak-to-peak oscillation in brightness temperature of 225° K at the 4300° K brightness temperature of the line core. We have made numerical model calculations of the intensity fluctuation in the core of the 3-2 AE(14) line due to a depthindependent temperature perturbation in the region r 5 ooo < 11C 3 . We used the HSRA (Gingerich et al. 1971 ) model and assumed local thermodynamic equilibrium (LTE) in the line. We found that a 225° K peak-to-peak temperature fluctuation does indeed (14) at 2142.7 cm -1 (4.667 p), observed at disk center with an east-west slit of length 7 arc sec.
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reproduce the observed intensity fluctuation. The good agreement occurs because the line core is strongly saturated and its intensity reflects the true temperature averaged over a rather narrow height range (the width of the contribution function to the line core is only about 80 km, owing to the rapid increase of temperature above the temperature minimum). For a vertically propagating acoustic wave in an isothermal gravitationally stratified atmosphere with temperature 4300° K and radiative relaxation time 285 s, we calculate the velocity amplitude giving rise to the inferred amplitude of the thermal oscillation to be 1.3 Ion s' 1 peak to peak (Noyes and Leighton 1963) . Such a velocity is near the top of the range of observed oscillatory velocity amplitudes in the high photosphere (Leighton, Noyes, and Simon 1962) ; however, we may underestimate the true velocity amplitude because of smearing of several elements over the 7 arc sec entrance slit.
The observed 7 percent peak-to-peak amplitude of the intensity oscillation in the CO fundamental line is an order of magnitude larger than previously measured in lines in the visible region of the spectrum. For example, Tanenbaum et al. (1969) find a peak-topeak amplitude of 0.5 percent in the Na 5896 (Di) line wing. If both line source functions are in LTE, then the ratio of the amplitudes of the temperature oscillation in the two lines reaches 50 because of the difference in sensitivity of the Planck function at 5900 Â and 4.66 ¡x. A possible explanation for this effect may be that the CO line cores are especially favorably located to show the oscillation. They are formed in a narrow layer at the temperature minimum, where the oscillation is both large in amplitude and nearly adiabatic. In deeper layers (where the Na Di line wing is probably formed), the smaller velocity amplitude and the rapid radiative leakage decrease the thermal oscillation, and in higher layers (e.g., Ha), the velocity oscillation itself is seen only weakly if at all (Leighton et al. 1962 ). In addition, the cores of strong chromospheric lines are not formed in LTE and may not respond to temperature fluctuations to the extent that the Planck function does.
The question arises whether the CO fundamental lines themselves are in LTE and thus reveal the true temperature oscillation. Several authors (Pande 1968; Sitnik and Pande 1967) have argued that these lines must be in LTE owing to the large collisional rate between vibrational levels, relative to the radiative rates. Recent observations of limb darkening in the CO fundamental lines (Noyes and Hall 1972) , however, require the existence of unexpectedly low temperatures in the upper photosphere unless there are slight departures from LTE in the lines; thus the question remains open until detailed many-level calculations of the statistical equilibrium of the CO molecule (now under way) are completed. Since for an adiabatic wave the density is in phase with the temperature, a non-LTE density-dependence of the source function could increase the amplitude of the intensity oscillation beyond that due to thermal effects alone. However, the maximum departure from LTE needed to explain the observations of Noyes and Hall (1972) is sufficiently small that fluctuations of the observed brightness temperature may well approximate those of the true kinetic temperature.
If the electronic transitions of the CO fourth-positive system near 1550 Â were in LTE, we would expect very large intensity oscillations in these lines (a factor of 2), owing to the temperature sensitivity of the Planck function at that wavelength. However, these transitions are not expected to be in LTE in the solar photosphere (Rich 1966) , so the actual amplitude of the oscillation might well be smaller. Currently available observations at 1550 Â do not extend over long enough time periods to detect the oscillation; long time series with good spatial and spectral resolution would be of obvious importance.
Another important area for study is the phase and amplitude relation between velocity and intensity in the cores of CO vibration-rotation lines formed at a range of heights from the temperature minimum downward to the low photosphere. A program of such observations is planned for the near future.
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ROBERT W. NOYES AND DONALD N. B. HALL Observations at 3.5 mm (Simon and Shimabukuru 1971) , at 3 cm (Yudin 1968) , and in extreme-ultraviolet emission lines (Chapman et al. 1972) suggest the presence of the "5-minute" intensity oscillation in the chromosphere and chromosphere-corona transition zone. However, these data have a much lower signal-to-noise ratio than do the present data. It would be extraordinarily important from the standpoint of coronal heating to make simultaneous observations at all levels, in order to trace individual oscillating elements from the photosphere into the corona. Such observations may be possible by using the Apollo Telescope Mount during the forthcoming Skylab mission of the National Aeronautics and Space Administration.
